*Salmonella* spp. is recognized as a frequent cause of foodborne disease ([@b22]). In Parana State, Brazil, 55 out of 399 districts notified salmonellosis outbreaks between 1999 and 2006. The Enteritidis serovar was responsible for 82% of the outbreaks. Due to its self-limiting nature, gastroenteritis caused by *Salmonella* usually does not require antimicrobial therapy. However, the use of antimicrobials is necessary for immunocompromised patients, older persons and children or in cases of severe or systemic salmonellosis ([@b3], [@b18]).

The more commonly used drugs for salmonellosis treatment during the last decades were ampicillin, chloramphenicol and sulphametoxazole-trimethoprim. Growing resistance to these antimicrobials significantly reduced their use in clinical medicine and they were gradually substituted by fluoroquinolones ([@b3], [@b14]).

The non-therapeutic use of fluoroquinolones in veterinary medicine, as in prophylactic supplements or growth-promoting agents, can facilitate the selection of resistant bacteria or reduce susceptibility to these antimicrobials. Thus, the use of antimicrobial agents in animals raised for human consumption is, probably, the main cause for the increase and spread of resistant *Salmonella* strains ([@b1], [@b9], [@b12]).

The high prevalence of strains resistant to nalidixic acid, a 1^st^ generation quinolone, constitutes a public health concern since most of these strains show reduced susceptibility to fluoroquinolones, and have been associated with treatment failures ([@b8], [@b15], [@b18]).

The present study was carried out to evaluate the antimicrobial susceptibility profile of 212 *Salmonella* spp. strains isolated from patients and foods related to outbreaks which occurred between 1999 and 2006 in Parana State, Brazil in order to alert about the more careful use of antibiotics in veterinary and human clinical treatment, especially fluoroquinolones.

All *Salmonella* strains were obtained from the Laboratório Central do Paraná (LACEN, Curitiba, Parana, Brazil) and serotyped and phagotyped at the Laboratório de Enterobactérias, Departamento de Bacteriologia da Fundação Oswaldo Cruz (FIOCRUZ, Rio de Janeiro, Brazil).

Sixteen different serovars were analysed, including 174 (82%) strains of S. Enteritidis, seven (3.3%) *S*. Infantis, six (2.9%) *S*. Typhimurium, six (2.9%) *S*. Derby, four (1.9%) *S*. Newport, three (1.4%) *S*. Johannesburg, two (0.9%) *S*. London, two (0.9%) *S*. Pomona and one strain of the following serovars: Anatum, Mbandaka, Oranienburg, Agona, Saintpaul, Heidelberg, 09:12 and Albany. The strains were maintained in Brain-Heart Infusion broth (BHI) (DIFCO^®^) containing 15% glycerol and stored at -15°C until testing.

Antimicrobial susceptibility was evaluated according to the Kirby-Bauer disk diffusion method as recommended by the *Clinical and Laboratory Standards Institute* (CLSI) ([@b5]). Antimicrobial agents tested were (OXOID^®^): ampicillin (10 µg); cefotaxime (30 µg), chloramphenicol (30 µg), sulphametoxazole-trimethoprim (25 µg), nalidixic acid (30 µg) and ciprofloxacin (5 µg). The minimal inhibitory concentration for ciprofloxacin was determined with the microdilution method using Müller-Hinton broth (DIFCO^®^) according to CLSI ([@b5]).

All *Salmonella* strains tested in the present study were susceptible to cefotaxime, chloramphenicol and ciprofloxacin. Ninety five (45%) strains were resistant to nalidixic acid; one (0.5%) to ampicillin and one (0.5%) to sulphametoxazole-trimethoprim. An increase in nalidixic acid resistance was observed from 15% in 1999 to 62.5% in 2006 ([Figure 1.](#fig1){ref-type="fig"}). Similar results were previously found by other researchers ([@b6], [@b17]).
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Quinolones have been increasingly used to treat human and animal infectious diseases since the introduction of nalidixic acid in the 1960s. The consequence of this widespread use has been an increase in bacterial resistance ([@b11]). An increase in nalidixic acid resistance is an indicator for the decrease in ciprofloxacin susceptibility, an antibiotic commonly used in the treatment of *Salmonella* infections ([@b10], [@b11], [@b13]).

Although no fluoroquinolone resistant strains were observed in the present study, a significant increase in minimal inhibitory concentration for ciprofloxacin (CipMIC) was verified for the strains resistant to nalidixic acid ([Figure 2.](#fig2){ref-type="fig"}). All nalidixic acid resistant strains had higher CipMIC than the sensitive ones. Most of them had CipMIC's eight times higher, demonstrating the correlation between nalidixic acid resistance increase and fluoroquinolone susceptibility decrease.
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Earlier studies showed that strains with MIC 0.125 mg/L had reduced ciprofloxacin susceptibility and were associated with treatment failures ([@b15], [@b16]). In this study, 25% of the strains resistant to nalidixic acid had CipMIC ranging from 0.125 mg/L to 0.250 mg/L.

MIC~50~ values are important indicators for *in vitro* antimicrobial activity. Although these values do not necessarily predict *in vivo* activity, an increase in CipMIC~50~ from 0.0039 mg/L to 0.0625 mg/L observed during this study indicates a possible reduction in ciprofloxacin potency.

Strains with high MIC for ciprofloxacin have been associated with single point mutations in the quinolone resistant determining region (QRDR) of the *gyr* A gene that codifies DNA-gyrase enzyme, which is the primary target of fluoroquinolone action ([@b9], [@b15]). Single point mutations may be sufficient to generate high levels of resistance to such non-fluorated quinolones as nalidixic acid. However, apparently additional mutations are necessary to achieve resistance to fluoroquinolones such as ciprofloxacin ([@b7], [@b12]). It is also known that the antimicrobial concentration reduction within the cell due to hyperexpression of the efflux pump system contributes to a heightened quinolone MIC in *Salmonella* spp. but is insufficient to generate high fluoroquinolone resistance levels ([@b2], [@b19]).

The emergence of *Salmonella* strains with fluoroquinolones reduced susceptibility is a potential public health risk and may compromise effective antibiotic therapy restricting therapeutic options against infectious diseases ([@b1], [@b9], [@b12]).

The serovar and phagotype can also influence the antimicrobial resistance levels in *Salmonella* spp. It has been reported that serovars Hadar, Virchow, Blockley and Typhimurium showed higher resistance fluoroquinolone levels than Enteritidis, the most prevalent serovar in the present study ([@b4], [@b21]).

Threfall (30) found that Enteritidis PT1 isolated in England and Wales exhibited higher reduction in ciprofloxacin susceptibility than other phagotypes. The Enteritidis phagotype PT1 analysed in this study showed higher reduction in ciprofloxacin susceptibility than other phagotypes, such as PT4 ([@b13], [@b20]). An increased incidence of *S.* Enteritidis PT1 from 52.5% in 1999 to 72.9% in 2006 probably explains the increase of NAL-resistant strains prevalence during this period ([Figure 1.](#fig1){ref-type="fig"}).

Regarding the importance of fluoroquinolones for salmonellosis treatment, the results obtained in the present study alert to a more careful use of these antimicrobials in order to maintain their clinical efficacy and broad spectrum.
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